In three different phase-separated binary liquid mixtures we have observed stationary capillary rises in which the meniscus curvature is inconsistent with the sign of the rise. This ''inverted-meniscus'' configuration occurs within approximately 50 mK of the mixture's critical temperature and shows no sign of decay after much longer than the characteristic time for relaxation. We also report experiments showing that perturbation of the wetting layer inside the capillary tube can dramatically affect the capillary rise. This motivates three scenarios in which the behavior of the wetting layer foils an equilibrium capillary rise measurement of the contact angle and produces an inverted meniscus.
I. INTRODUCTION The phenomenon of capillary rise has been exploited by various researchers to investigate the wetting behavior of near-critical systems. ' These studies usually pit gravity against surface tension to infer the thermodynamic contact angle as a function of temperature, and thereby characterize the state of wetting. With refinements in both technique and sample preparation, capillary rise should continue to be a powerful tool in the search for, and study of, exotic wetting transitions, such as the partial drying or continuous wetting transitions (see, e.g. , Refs. 7 -10). However, a review of capillary-rise techniques for this purpose has not, to the best of our knowledge, appeared in the literature.
Existing reviews"' emphasize capillary rise for the measurement of surface tension rather than of contact angle.
On one level, this paper illustrates the need for a systematic understanding of the technique and attempts to serve such a purpose. However, our initial motivation was to explore and understand a surprising, and highly reproducible, phenomenon dubbed the "inverted meniscus, " which prevents the determination of contact angle from capillary rise. ' 
II. EXPERIMENTAL MATERIALS AND PREPARATIONS
The sample cells used for all measurements presented in this paper are similar to those described in Ref. 4 , and used in Refs. 4 -6. They consist of a 12-cm-long glass cylinder, inner diameter 0.9 cm, whose bottom is fused shut and whose top can be sealed with a TeAon stopcock The cells were filled with a critical composition binary liquid mixture, according to volume fraction, to a total liquid volume of approximately 7 ml. All reagents were obtained commercially, '" and were used without further purification. The critical temperature for each cell was measured visually to within +2 mK to monitor sample purity and aging effects. Our thermostat was stable against temperature drifts to better than 1 mK/day, and held temperature gradients (measured across 4 cm along the outside of the sample cell) to smaller than 1 mK/cm.
All capillary tubes used in this study were cut from borosilicate glass micropipets. ' They had inner radii of 0.134, 0.188, or 0.300 mm, and lengths typically between 4 and 6 cm. The capillaries were held and manipulated in side the sample cell by a cylindrical TeAon holder which contained a Teflon-encapsulated magnetic stir bar (see Fig. tion, ' then 10%%u~nitric acid, and to flush and sonicate with distilled water between each step. The cleaning pro cedures for all Teflon parts (capillary holder and stopcock) were identical, or similar, to those described in Refs. 4 and 5; i.e. , sonication in soap plus distilled water followed by liberal rinsing, sonicating, and/or boiling with distilled wa ter. We found that no systematic changes in the wetting It is also interesting to note in Fig. 7 that the scatter in the data is strongly correlated for all capillaries. This suggests that some external condition, such as mechanical vibrations or temperature fluctuations, can influence the capillary rise. The latter possibility will be examined in later sections.
In Fig. 8 Fig. 9 . This was performed at 20 mK below T, for two diFerent radii capillary tubes. We denote the capillary tube position by 12, the length by which it extends into the nonwetting phase. We find much scatter in the data, but Fig. 9 suggests an increase of the eFect with l2. These data cannot, however, unambiguously rule out the possibility of no dependence upon l~.
In Fig. 10 Fig. 11 is due to the sensitivity of the wetting layer inside the capillary tube to temperature perturbations. This will be discussed after presentation of further experiments.
In Fig. 12 we show the effect of successive temperature perturbations on the capillary rise of carbon disulfide plus nitromethane. First the equilibrium rise was measured at 581 mK below T, for two different radii capillaries. Next a small temperature burn was applied and the restabilized value of the capillary rise was recorded. Continuing in this manner further temperature jumps were applied and the restabilized rises were found as shown. As in Fig. 11 , note that the response is greater for the smaller radius capillary tube.
In Fig. 13 we compare the effect of successive temperature burns on the rise inside the 0.134-mm-inner-radius will cause a negative (positive) 5, and consequently Eq. (8) predicts that the meniscus will move in the receding (advancing) direction; this agrees with Figs. 11 -14. Also consistent with these observations is the prediction of Eq.
(8) that the response will be greater for larger temperature changes, larger 12, and smaller r. In fact, the ratio of 1.6+0.3 observed in Fig. 13 Close enough to T" for a particular capillary, (i) these checks will fail, (ii) the relaxation time will grow long, (iii) the measurements will be sensitive to small drifts or perturbations in the temperature control, and (iv) an inverted meniscus may appear. The origin of (iii), and possibly (iv), is that a wetting layer thickness change can affect the hydrostatic force balance which determines the capillary rise.
